A quantitative microbial risk analysis-Monte Carlo method was used to estimate norovirus infection risks to consumers of wastewater-irrigated lettuce. Using the same assumptions as used in the 2006 WHO guidelines for the safe use of wastewater in agriculture, a norovirus reduction of 6 log units was required to achieve a norovirus infection risk of ,10 23 per person per year (pppy), but for a lower consumption of lettuce (40-48 g per week vs. 350 g per week)
INTRODUCTION
The third edition of the World Health Organization's guidelines for the safe use of wastewater in agriculture (WHO 2006) represents a radical departure from the first two editions (WHO 1973 (WHO , 1989 . The latter specified required qualities of treated wastewater that were deemed safe for crop irrigation, whereas the current edition is based solely on risk analysis, at least for viral, bacterial and protozoan pathogens; no recommendations are made for effluent quality, except for helminthic pathogens. For viral, bacterial and protozoan pathogens the approach is 'from field to fork' and the guidelines describe a risk-based procedure for determining what reductions of these pathogens are required to protect consumer health. (Fewtrell & Bartram 2001) .
The 'index' viral, bacterial and protozoan pathogens used in the 2006 guidelines were rotavirus, Campylobacter and Cryptosporidium, respectively. In this paper we report the results of our risk analyses for norovirus (NV), which is a very common, if not the commonest, cause of gastroenteritis affecting all age groups (Widdowson et al. 2005 ) and certainly the commonest viral cause of gastroenteritis (rotavirus mainly affects children under the age of 3 years), for which dose-response data are now available (Teunis et al. 2008) . Table 1 . This shows that an E. coli reduction of 6 log units (from 10 7 -10 8 per 100 ml to 10 -100 per 100 ml) results in a norovirus infection risk of 2.9 £ 10 23 pppy, which is only marginally higher than Table 2 . These are extremely reliable and in effect they always occur. The required 6-log unit reduction could be achieved, for example, by a 1-log unit reduction by wastewater treatment, a 2-log unit reduction through die-off and a 3-log unit reduction by produce disinfection.
In many developing countries, especially in Africa and
Asia, lettuce is not consumed at the rate of 100 g every two days, the value used by Shuval et al. (1997) , Mara et al. (2007) and in the WHO guidelines. Seidu et al. (2008) reported consumption in urban Ghana of 10 -12 g lettuce in 'fast food' on each of four days a week. A second series of 10,000-trial QMRA-MC risk simulations was therefore run for this lettuce consumption pattern and the resulting estimates of median risk are given in Table 3 , which
shows that an E. coli reduction of 5 log units (from 10 7 -10 8 per 100 ml to 100 -1,000 per 100 ml) results in a norovirus infection risk of 3.6 £ 10 23 pppy, which again is only marginally higher than the tolerable norovirus infection risk determined above. This required 5-log unit reduction could be achieved by, for example, a 1-log unit reduction by wastewater treatment, a 1-log unit reduction through die-off and a 3-log unit reduction by produce disinfection.
DALY LOSS OF # 10 25 PER PERSON PER YEAR?
In Levels of Protection, one of the documents in the rolling revision of its drinking-water quality guidelines, WHO If a tolerable additional burden of disease of 10
25
DALY loss pppy is accepted, then the resulting NV disease infection risks are an order of magnitude higher (i.e. , 10 22 pppy, rather than the , 10 23 pppy calculated above), but still lower than the actual global annual incidence of diarrhoeal disease which, in order of magnitude terms, is 0.1-1 pppy (Mathers et al. 2002) . Therefore the required pathogen reduction is one order of magnitude lower. In the Ghanaian case referred to above this means a reduction of 4 log units, which could be achieved by, for example, a 1-log unit reduction by wastewater treatment, a 2-log unit reduction through die-off and a 1-log unit reduction by produce washing in cold water.
IMPLICATIONS FOR WASTEWATER TREATMENT
In the above three examples wastewater treatment is required to produce only a single log unit pathogen reduction. This can be readily achieved by very simple treatment processes, such as an anaerobic pond, a three-tank or three-pond system, and overnight settling. (2006) and Amoah et al. (2007) . The three-tank or three-pond system is operated as a sequential batch-fed process: on any one day one tank or pond is filled with wastewater, the contents of another are settling, and the contents of the third are used for irrigation; this is a very reliable, almost foolproof system.
In small-scale urban agriculture, as opposed to large-farm agriculture, a single tank is generally sufficient (and more affordable): on any day in the morning the tank contents are used for crop watering, and the tank is then refilled and its contents allowed to settle until the following morning. 
